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AFFECTIHG THE PBEFORMAICE OF A HIGH-SPEED PURSUIT 
AIRPLAHE WITH AIR-COOLED RADIAL EHGINB 
By Carl J. Wenzinger 

SUMMARY 

An invostigation was nado in tho HA.CA 19-foot pressure 
wind tunnel of a 0,4-scaie nodel of an existing pursuit 
airplane to obtain the experinental infcrnation required to 
indicate the iraprovenents necessary to produce an airplane 
capable of reaching a speed in excess of 400 niles per hour 
at an altitude of 20,000 feet with an air-cooled ejigine of 
1000 horsepower output. Modifications to the nodel includ- 
ed a low-drag wing, changes in the fuselage shape, a high- 
speed cowling, and certain other inprovenents , The sqale 
of the tests . was increased hy operating the tunnel uncler 
pressure when it was coi>sidered advisable, thus giving 
Reynolds nunbers up to full scale for the landing condition 

Based on the results of the tests it was found that, 
by use of the HACA low-drag sections for the wing, inpor- 
tant reductions in wing drag and inportant increases in 
conpre sslbility speeds were obtained, the lift and stalling 
characteristics were sinilar to those of conventional wings 
ahd the action of sinple split flaps in increasing the lift 
was about the sane. The propeller slipstrean caused an in- 
crease in the drag of that portion of the low-drag wing in 
the slipstrean to a value about the sane as that of a con- 
ventional wing without slipstrean. 

The NACA high-speed cowling' arrahgenent appears to be 
Satisfactory up t o speeds of nore than 500 niles per hour 
at high altitudes before critical conpre ssibility effects 
are encountered. In addition, propulsive efficiencies ap- 
pear to be increased by use of this cowling at high values 
of V/nD conpared with the efficiencies obtained with 
cowling C, The aerodynanic advantage of placing wing 
guns within the wing is indicated-. 
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IITTEODUCTIOIT 



In connection with the existing national etiergency 
and as part of the national defense program, the UACA is 
conducting investigations to determine the inprovenents in 
perfornance that can he achieved through the application 
of recent wing, cowling, and fuselage research to single- 
engine and raultiengine nilitary airplanes. , 

The investigation described in this paper was started 
in the. sunner of .1940 and was proposed to obtain sone ex- 
perinental information concerning the possible iiaprove- 
n^nts to be obtained by the application of the results of 
the previously nentioned' researches to a typical pursuit- 
type airplane. In particular, it was hoped to indicate 
the inipr ovenents necessary .to . produce an airplane capable 
of reaching a speed in excess. of 400 niles per hour at an 
altitude of 20,000 feet with an , air-co oled radial engine 
of 1000 horsepower output, such as the R-1830. This ain, 
of course,' is nodified fron tine to time in the light of 
findings fron the present war, but it is believed desirable 
to make available in a short concise report sone of the 
more outstanding results of the investigation that nay be 
used as a guide to further develqpnent. 

As a starting point, an existing experimental airplane 
was chosen as one representative type of high-perf ornance 
pursuit airplane, A 0,4-scale smooth nodel without protub*? 
erances was built, and its aerodynamic characteristics were 
used to establish a basis fron which possible inprovenents 
could be judged. Modifications were. 'th.en made, -usually one 
at a time, to incorporate the proposed inprovenents. The 
modifications included principally a lo-w-drag v/ing, a change 
in the fuselage shape, a high-speed cowling, and certain 
other improvements.. All tests were carried out in the IIACA 
19-foot pressure v/ind tunnel, at Langley field, Va. The 
scale of the test.s was increased by operating the tunnel 
under pressure when it was considered advisable, thus giv- 
ing Eeynolds numbers up to .full scale for the landing con- 
dition.. . 

IIODBIS AlTD AtPAEATUS 

The nodels were all constructed of laminated nahogany, 
reinforced with netal v/hore required. Tho exposed surfaces 
v;ere filled, then sprayed with lacquer, and finished by 
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ruljbing vrith Ho, 400 v/ator cloth in a direction parallel 
to the wing chord, fhe finish thus secured was such as to 
he classified as " aer odynanically snooth," 

fhe resistance of the engine to air flow through the 
cowling v^as sinulated "by a perforated plate of such design 
that its conductance could "be adjusted to apprpxiag-te that 
of the full-scale engine installation^ Tor sone of the 
tests, dunny cylinders were also attached to the plate to 
represent nore exactly the actual engine installation. 

When tests of powered nodels were required, a three- , 
"blade, 4-f oot-dianeter propeller, vrhich has Tslades of Clark 
T section nounted in an adjustahle-pitch huh, vras usod* 
This propellGr is sinilar to the full-scale Hanilton Stand- 
ard propoller 6101, For those tests, the hlados wore sot 
at angles of 45°, 50°, and 55° at 0*75 of the tip radius. 

The propeller was driven hy a wator-coolod alternating- 
current induction notor capahle of developing 60 horsepower 
at 5000 rpn. Current was supplied tq the notor hy a variahle- 
froquency notor-gonerator sot, and speed control was ohtained 
"by varying the frecLUoncy, Tho output torq_uo of the notor was 
dotcrnincd fron a calihration of torq.ue against active cur- 
rent. The notor revolution spood was noasurod with a 
condenser-typo tiachonoter. 

The nodels wore nountod on tho standard supporting 
syston of the balance in the IIACA 19-foot pressure wind 
tunnel, (See fig, 1.) Two nain supports were used for 
tho v/ing, one on each side of the fuselage, and a single 
tail support was used hy which the angle of attack was 
changod. Six— conpohent neasurenents of aerodynanic fo-rces 
and nonents wore nade and recorded "by an autonatic electric 
recording halance . 

TESTS 



All tests were nade with the tunnel test section in 
the closed-throat condition and with tho air pressure in 
tho tunnel cither at atnosphoric or at 35 pounds per so[uaro 
inch ahsolute, depending upon tho typo of test and the 
Eeynolds nunher do s X r e d 

Tho anglG-of-attack range covered, in general, fron 
boloxAr zero lift to heyond naxinun lift, Ohsorvations of 
the stalling characteristics of the wings were nade by 



4 



noting the action of wool tufts attached to the upper sur- 
face of the wing. 

The section profile drag of the v;ing when operating 
in the vicinity of tho high-speed lift coefficient was oT3- 
talned fron neasurenents of the nonentun loss in the wing 
wake. Pressure neasurenents over cowling and fuselage, 
v/ere nade hy the use of pressure orifices installed in the 
nodel, or "by the use of nice, Heasurenents of air flow 
through the cowling were nade with total-pressure and 
, static tubes, 

¥hen required, deterninations were nade of the lift, 
drag, and aerodynanic interference effects of the model 
supports, 

RESULTS AlTD DISCUSSIOIT 
Coefficients 



All results are given in the forn of absolute cocffi- 
cients. Lift, drag, and pitching nonents have been cor- 
roctdd for tho tares duo to the nodel supports, and drag 
and angle of attack have been corrected for jet~boundary 
interference effects, fhe coefficients and synbols are de- 
fined as follows: 



Cl 


lift coefficient 


(L/qS) 




Cd 


drag cobfficioht 


(D/qS) 




°^o 


section profile-drag coefficient 


UJic) 




On 


pitching-nonent coefficient 


(U/qc^ b) 




Oip 


propulsive thrust coefficient 


(T-AO/pn'' D*) 




power coefficient 


(2TrQn)/(p 


n3 D5) 


V 

nD 


advance-diaaet er ratio of propeller 






•n 


propulsive efficiency 


' (T-Al))V" 
SnCin 




where 







L lift 



D drag 
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^0 


section profile drag "by nonontua nothod 


As 


change in iiodel drag due to propeller slipstriaia 


M 


pitching nonont aTsout nodel support 


T 


thrust of propeller in presence of "body (shaft tension) 




aerodynanic torque of propeller 


<1 


dynanic pressure of air strean p T ) 


P 


nass density of air 


T 


velocity of free strean 


D 


dianeter of propeller 


n ■ 


propeller revolutioji speed 


.■b 


wing span 


c 


wing chord 


S 


wing area 


and 




a 


angle of attack of wing root chord 




propeller "blade angle 




flap deflection 



Maxinun Lift and Stalling Characteristics 

Because of the • possiTJility of ohtaining lower drags 
"by the use of a wing having IIACA low>^drag airfoil sections, 
such a wing was "built for the nodel > At the tino this 
wing was huilt there was sone q^uestion as to the na^dinun 
lift ohtainahle with the low-drag sections, and this wing • 
was nade with a sono^^hat larger area and span than the wing 
originally used on the- airplane , Figure 2 shows the ar- 
rangenent of the "basic nodel -with wing having conventional 
airfoil sections (modified HAGA 230 section); figure 3 
shows the nodel with the new wing having IIACA low-drag air- 
foil sections. 



6 



The now wing has a sycnetrical airfoil section at tho 
wing root with a thickness of 18 percent of the airfoil 
chord and is of tho ITACA 66 fanily; the design lift- coe>ffi- 
ciont for the lo^f-drag range is 0 with a variation of ±0,2. 
The section at the wing tip is canhered iirith a thickness 
of 15 percent and is of the ITAOA 67 fanily; its design lift 
coefficient is 0,13 with a variation of ±0,1. Outlines of 
tho root and the tip airfoil sections and their ordinatos 
aro given in figure 4, 

In order to iuprovo the, stalling characteristics of 
tho wing, it was given a linear geonetric twist of 2.15 
fron root to tip so that 1,5° of aerodynanic v/ashout was 
oljtainod. Simple partial-span split flaps having chords • 
20 percent of the wing chord wore included to" o^btain sdno 
data regarding the effectiveness of this type of flap when 
used with the low-drag wing in conparison with the. effec- 
tiveness of the flap v/hen used with the conventional wing, 
A few tests were also r.ade with full-span split flaps, 

Th-e lift characteristics of the *Dasic airplane nodel 
with conventional wing are plotted against angle of attack 
in figure 5 and the drag and the pitching-nonent data are 
given in figure 6. Sinllar data for the sane nodel T3ut 
with low-drag \iring are given in figures 7 and 8, The ef- 
fects on the nasinun lift coefficient of deflecting the 
sinple split flap are indicated in figure 9 for the two 
different types of wing, Prohalily the nost striking facts 
illustrated by the foregoing data are the sinilarity "be- 
tween the characteristics of tho nodel with either type of 
wing and the possibility of obtaining equal naxinun lift 
coef f ixjients at the high, flap deflections. 

Surveys of the flow o**-er the two typos of wing were 
nade by observing wool tufts attached to the upper surface 
of each- wing. Sketches showing the progression of the 
stall are given for the conventional wing with the flap 
neutral in figure 10(a) and for the conventional wing with 
the partial-span flap down 60° in figure 10(b). Sinilar 
diagrans for the low-drag wing are given in figures 11(a) 
and 11(b) , 

. The sketches for tho conventional wing indicate that 
this wing would stall suddenly and with little warning. 
It should be noted, however, that a wing with conventional 
sections could be nade that, would stall in a nanner con- 
sidered satisfactory. The sketches for the wing with lovi- 
drag sections indicate a progressive stalling fron root to 
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tip that should give sufficient warning before complete 
stall. ThQse data indiegtt© that a wing with low-drag sec- 
tions can l5e deisisgned ::t;io have desired stalling character- 

•Effect of Propeller Slipstream c^a 
¥ing Secfcaon Profile Drag 

The drag of the low-drag airfoil sections appears to 
te considesrglQy affected hy surface smoothness and finish 
and "by turTJUiftue© of the air flowing orer the surface. Al- 
though the turhuleace of the air in the 19-foot pressure 
wind tunnel is low compared Tjrith that of ..most wind tunnels, 
it appears to "be not quite so low as that of free air, and 
the magnitude of turbulence increases somev/hat with an in- 
crease in the test velocity. At low test velocities a good 
indication is given of the drag of the low«wdrag airfQil 
sections in this wind tunnel, and the values thus obtained 
provide a "basis for some comparisons. 

Measurements of the momentum loss in the wing wake were 
made to determine the section profile drag of both the con- 
ventional and the low-drag smooth wings without propeller 
slipstream. These measurements were made over a range of 
low .lifts in order that the results obtained would corre- 
spond to those for a high-speed condition. The complete 
airplane model was used for these tests. 

\ The section profile-drag coefficients are plotiied for 
the conventional wing in figure 12 against distance from 
the center line of the fuselage, Tvo types of coefficient 
are given: one is based on the- section chord at the point 
in question along the wing span;'the other is based on the 
mean chord of the wing. The drag coefficient based on sec- 
tion chord will be seen to vary for tho greater part of the 
wing span between the values of approximately 0,006 to 
Q.007, with peaks near the fuselage. Those peak values are 
probably due to interference effects between tho fuselage 
and the wing caused "by a thicl?©nli!i^ ttoundary layer on the 
fuselage find earlier transition on. the wing» 

The da.ta plotted in figure 13 ate given for the wing 
with lo^^-drag sections v The magnitudes of these secition 
profile-drag coefficients vary from about 0,0035' to 0.0045 
oyer most of the span, indicating a considerable reduction 
in the section drags compared v/ith those of the conventional 
wing. Similar peak values also exist near the fuselage with 
the low-drag wing, as with tho conventional wing. 
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Measurements with propeller operating were made to de- 
termine the effects of propeller slipstream on the section 
profile drag of the portion of the low-drag wing in the 
slipstream. The data ohtained from these measurements are 
given in figure 14 for the condition of propeller operat- 
ing at ti£ust eaaal to the djz&S of the a&dol . The profile 
drag of the sections of the low-drag tfing in the propeller 
slipstream is materially increased owing to the action of 
the slipstroan, reaching valuos atout the same as those 
of conventional sections \i^ithout slipstream, A few measure- 
ments made with propeller idling indicate that the adverse 
effect s are nearly as groat as for the condition of propel- 
ler thrust oqual to drag, 

The results obtained show quite, clearly that, in order 
to roa,lize the full henefits of the low-drag wing sections, 
pjropellor slipstream over the wing surfaces should not ho 
permitted, Iho desirahility of the pusher propollor arrange- 
ment is therefore apparent if the- full "benefits availal)lo 
from these wing sections are to ho obtained. 



IJACA Conventional Cowling 0 and 
UACA High-Speed Cowling 

The form, of cowling known as the HACA cov/ling C (ref- 
erence l) is in. use on most airplanes at the present time 
hut is known to he subject to compressibility effects at 
airplane speeds around 400 miles per hour at high altitudes. 
At speeds of about 430 miles per hour at 20,000 feet alti- 
tude, these effects become critical, and some other form of 
cowling becomes necessary. A cowling shape recently devel- 
oped in the 8-foot high-speed wind tunnel served as the ba- 
sis for a new practical high-speed cowling with critical 
compressibility effe:cts delayed to well over 500 miles per 
hour at- high altitudes. 

Some tests were made during the course of the present 
investigation to obtain an indication of the relative mer- 
its of the HA OA conventional cowling arrangement C (fig, 
15) and of the new KACA high-speed cowling arrangement 
(fig. 16). In the high-speed cowling the cooling air en- 
ters the cowling through an opening ahead of the propeller, 
passes internally through an element of the cowling that 
rotates with the propeller and acts as a blower, and thence 
flows past the engine cylinders to the exit at the rear of 
the engine. Both types of covrling tested v/ere so designed 
that all the cooling air required for the engine and its 
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accessories is taken in at the cowling entrance, A detailed 
description of these arrangements is given in reference 2, 

Some pressure neasureiaent s were made over the nose of 
cowling C without propeller to determine the magnitude of 
the static pressures acting on the surface. The lowest 

pressure for the arrangement tested had a value = - 0,9^ 

that corresponds to a critical Mach humher (Mqj. = 0»62) 

and a critical speed of aliout 439 miles per hour at 20,000 
foot altitude. Similar pressure measuromonts over the high- 
speed cowling gave values in all cases nearly equal to the 
free-stream static pressure. Other measurements of the ; 
pressures acting on the air-duct blister "behind the rotat- 
ing part were made with the cowling nose portion rotating 
without propeller at 7/nD = 2,71, Prom these measurements, 
the lowest value of pressure (Po/<l = 0,48, M^j. = 0.72) 

was found on the hlister in its plan© of symmetry at a 
point 9 inches back (model scale) of the trailing edge of 
the rotating nose. 

With each of the two cowling arrangements, aerodynamic 
characteristics of the propeller x^ere measured at throe 
blade angles in the region of the high-speed flight operat- 
ing condition. All values of propulsive efficiency present** 
od are based on the drag of the aerodynami cally smooth air- 
plane model. The envelope of fici oncy curve obtained v^ith 
the HACA cowling C is compared, in figure 17, with a simi- 
lar curve obtained with the ITACA high-speed cowling. The 
results indicate that, although the high-speed cowling in- 
creased "njnax only a small amount (2 percent) at 
V 

— = 2,0, this cowling increased "^j^^q^x "^^ approximately 

10 percent at — = 3,0, 

nD 

The complete airplane model was tested with streamline 
fairing over the fuselage nose for each of the t^^o cowlings 
to obtain an indication of the drag diargeable to these 
cowling and cooling arrangements. Comparison of the drag 
(at Cj^ = 0,1) of the complete model with streamline nose 

and of the model with cowling C and air flow indicates that 
cox^rling and air-flow effects in this case correspond to an 
increase in drag coefficient of 0,0012, Per the case of 
the high-speed, cowling, the cowling and air-flow effects 
increase the drag coefficient of the complete model by 
0.0009. 
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Fuselage and Tail Surface 

Two revised fuselage arrangements with a minimum of 
wetted area were investigated, one with a long- "body and one 
with a short "body. The long "body had tail surfaces that 
were smaller than those used with the short hody; each fuse-* 
lags and tail was designed to give approximately the same 
pitching moments. The fuselage shapes, in addition, were 
changod.fr om that of the original fuselage in order to re- 
duce the velocities in the region of the wing which in turn 
would decrease adverse interference effects on critical 
comprossihility speeds, For a similar reason, the wing 
root section was changed at the same time from the ^AGA. 
66,2-018 section to the lAOA 65,2-017 section, (See fig. 
4,) Plan and olovation views of the model arrangements are 
shown in figures 18 and 19, 

Some results of tho drag measurements (without propel- 
ler) are summarized in the following tahlo, Pitching- 
momont coefficients for tho arrangements tested are given 
in figure 20, 

Drag Coefficients of Models without Propeller 



Mcdel 


arrangement 


at Cj^ = 0,1 


Complete model; 
tail on 


air flow; long fuselage; 


0,0113 


Complete model; 
tail on 


air flow; short fuselage; 


,0112 


Complete m-odol; 
tail off 


air flow; short fuselage; 


,0100 


Complete model; 
lago; tail on 


no air flow; short fuse- 
; stroajmline nose 


,0103 



These data Indicate practically no difference in the drag 
of the complete model at tho high-speed' lift coefficient 
(Cj^ = O.l) with either the long or, short "body and the cor- 
responding tail. Because of its' smaller size, tho model 
with short fuselage was used for the remainder of tho inves- 
tigation. 
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Prossuro neasuroments over the wing-fusolago juncture 
indicated the measured pressures to Tdc a^bout the same as 
those of the wing alone. This condition reduces the in- 
duced velocities at the juncture duo to th'o fuselage to 
zero and eliminates from that source adverse interference 
effects on critical compre ssihility speed. Thus, it appears 
feasihle "by proper consideration of junctures of wing and 
"body to eliminate the adverse interference effects 'that are 
of main importance in the attainment of high airplane 
speeds, ' 

Surface Irregularities 

In order to obtain some indication of the effect s of 
surface irregularities on the Ipw-drag wing, tests were 
made xirith simulateia.a,rrangenent s , Retractahle landing-gear 
cover plates (fig. 21) consisting of metal plates I/I6 inch 
thick were cut to the required shape and fitted to the lower 
surface of wing and ■ fuselage , These plates were attachedl 
to the model hy snail flat-head nails closely spaced* Rud- 
der and elevator sealed hinge joints (fig, 22) were simu- 
lated "by metal strips I/I6 inch thick and 3/8 inch wide 
nailed to the respective tail surfaces at the hinge axes 
and faired to the surface at the upstream edges, Plush 
door, canopy, and inspection plate joints without leakage 
(fig, 23) were represented hy grooves, approximately I/I6 
inch wide and I/I6 inch deep, cut into the surfaces as in- 
dicated. These tests were made \irith the propeller operat- 
ing and with the model complete as "shown in figure 19. 
Propeller tests were made first with the model surfaces 
aerodyhamically smooth; later the simulated surface irreg- 
ularities were added and' similar tests were made. 

All the values of propulsive efficiency given are 
hased on the drag, of the; aerodynamiaally smooth airplane 
model with propeller removed and without rotation of the 
cowling nose, Figure 24 compares, for the condition 
P = 55 , the effects of adding the retractable landing- 
gear cover plates and other surface irregularities to the 
aerodynanically smooth model. The drag increment due to 
additi on of the landing-gear cover plates caused a decrease 
in "Hjjiax about 1 percent. The influence of additional 

surfacd irregularities, such as rudder, elevator, canopy, 
and door joints, caused an additional dpcreaso in propulsive 
efficiency of about 1,5 percent. 
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Grun Installations in Low-Drag ¥ing 

Several wing-gun installations were tested to deter- 
nine their effects on the aerodynanic characteristics of 
the conplete airplane model with low-drag wing, Por each 
installation three simulated guns were nounted in each 
wing. In one installation the "blast tuhe and part of the 
gun TDarrel protrude ahead of the wing, as shown in figure 
25, In another installation the guns were mounted wholly 
within the wing so that the forward tip of the "barrel would 
he some distance "behind the leading edge of the wing. Two 
types of opening in the loading edge wore tested for this 
installation: type A opening designed to have nininun ad- 
verse effect (fig, 26), and typo B opening which is noroly 
a circular passage (fig, 27), All the openings tested had 
air flowing through then and exhausting fron a single open- 
ing on the upper surface of- each wing a"bout 0,5 chord "back 
fron the leading edge, A detailed description of the in- 
vestigation is given in reference 3, 

G?he results showed that the installations tested have 
little effect on the naxinun lift coefficient of the nodel, 
The effect on the drag coefficient was quite noticea"blo. 
The least adverse effect was o"btainod with the completely 
internal mounting and with type A opening! Oj) at Cj, = 0,1 
was increased a"bout 0.0001. Type 3 opening gave an in- 
crease of 0,0008, and the protruding type of installation 
increased Cp "by 0,0007, 

Comparative Drag of Original and of Completely 
Revised Pursuit Airplane Hodels 

It is of considera'ble interest to note here that the 
measured drag of the actual full-scale pursuit airplane in 
flight condition, complete with all external protuherances, 
air scoops, and surface irregularities, was almost twice 
the drag of the smooth model of this airplane with all 
cooling air taken in at the cowling nose, A good indica- 
tion is thus given of the gains that might "be expected 
from elimination of surface irregularities, air leakage, 
and protu"berances on the actual airplane. Every effort 
consistent with other required characteristics should 
therefore "be made to develop aor odynamically clean air- 
planes. 

It is also of interest to compare the drag, as meas- 
ured in the wind tunnel, of the smooth original pursuit- 
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airplane nodcl with, the drag of the saooth. conpletoly re- 
vised pursuit nodel; the values are taken for the assunod 
high-speed lift coefficient, Oj;,- = 0,10, 

Priginal nodol with..air -flow, no propeller, 
Od = 0.0X37 

Revised nodel with air flow, no. propeller , 
Oj) = 0.011-2 ■ " 

In order to nako the conparison valid, hoth coeffi- 
cients should ho "based on the sane wing area. It appears 
desirahle to hase the coefficients on the area of the orig- 
inal wiUg, and the change for the. lowt-drag wing was nade 
as follows: . . 

Cj)^ of T\ring fron v;ake survey = 0,0042 

Cj)^ of wing = (O^^/ttS) = .0005 

Cj) of wing . ■ = .0047 

Decrease ar.ea fron 42.83 to 35;8 square feet, 

ACj3 (hased on ^ S = 42,83) = ^1 ~ ||^) » 0,0047=^0 . 00077 

Ct) of nodel with reduced wing area (based on S=35.8) 

• Cj) = (0.0112 - 0.00077) X ^^r~- = 0,0126 - 

35,8 

The drag coefficients then conpare, for Cj, = 0,1: 

Original nodel with air flow^, no propeller, 0,0137 

Eevised nodel .with air flow, no propeller, ,0125' 

An ap.proxinato calculation was -■.la.cl.e of tha __relative 
high speeds of the tv/o airpLanes based on the drag ^coeffi- 
cient ■ nent i oned , If conpre ssibility effects 8.r3 neglected 
.and a'propoller efficiGncy of O.SO is asstmod with" 1000 
hdrsepoirer at 20,000 feet altitude, the following values 
arc obtained: 

Original pursuit airplane - - - - 414 niles per 'hour 

■ Conpletely revised pu'i'suit air- 
plane 424 nilos per hour 
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Thus, the naxinun difforoncc in speed "botween the two air- 
planes would appear to "be alaout 10 niles per hour v/ith the 
lOOO-hor sGpov;or engine. Because of other factors, such as 
surface irregularities due to manufacturing, this differen- 
tial would prohahly he reduced. On the other hand, the 
original model will he affected hy compressihility at the 
speeds raentioned and the revised airplane vj-ould not he af- 
fected and. these effects ^vould tend to increase the differ- 
ential, Tb.0 original smooth airplane will encounter crit- 
ical compressihility effects at ahout 430 miles per hour', 
Ohviously, with, greater engine pov/-er and the req[uirod pro- 
peller, c onsiderahly higher speeds could he obtained with 
the completely revised pxirsuit airplane because comprossi-, 
hility effects would not he a limiting factor up feo spedds 
ahovo 500 miles per hour. 



GOITCLUSIONS 



Based on the results of the investigation described 
in' this report, the following conclusions may be drawn: 

1, Important reductions in wing drag and important 
increases in compressibility speeds may bo obtained by use 
of the lAOA low-drag airfoil - section* 

2, A v;ing with ITACA low-drag airfoil sections had 
lift and stalling characteristics that wero similar to 
those of conventional wings, and the action of simple split 
flaps was about 'the sane in increasing the lift, 

3, .The effect of the propeller slipstream, either for 
the idling condition or for thrust ccLual to drag^ was to 
cause an increase in the drag of that portion ,of the lov/- 
drag wing in the slipstream to a value about the same as 
that of conventional wing sections without slipstream. 

4, The new ITACA high-speed cowling arrangement on the 
. pur suit-a'irplanc model tested' indicated that satisfactory 
performance at high altitudes and speeds .up to more than 
500 miles per hour c6uld.be obtained before critical com~ 
prcssibility effects wore encountered. .When ITACA cowling 

0 was used, critical compressibility effects were indicat- 
ed at 20,000 foot altitude at airplane speeds of about 430 
miles per .hour. 

5, Propulsive efficiencies appear to be increased by 
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the use of the high-speed cowling at high values of T/nD 
compared with the efficiencies ohtained with cowling 0. 

6, Adverse intorforenco effects on critical conpres- 
sllDility speed caused "by the wing-fuselage juncture were 
roducred to practically zero "by proper shaping of the 4^nc- 
turc, 

7, The tests show the aerodynamic advantage of plao-- 
ing wing guns entirely within the wing. 

Langlcy Memorial Aeronautical LaTsoratory, 

national Advisory Ooniaittoo for Aeronautics, 
Langley Pleld, Ya» 
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Figure 5.- Lift coefficients obtained with conventional wing 
and partial-span split flaps on basic pursuit- 
airplane model, R,4.8 x 10^. 
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Figure Drag and pitching-^sioment coefficients obtained with 
conventional wing and partial-span split flaps an 
basic pursuit-airplane model. R,4.8 -x io6. 
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Figure 8.- Drag and pitching-moment coefficients obtained with 

NACA low-drag wing and partial-span and full-span 
split flaps on" pursuit-airplane model. H,5.5 x 106. 
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Figure 9.- Effect of deflection of 
partial-span split flap 
on CLjjjg^^ of pursuit-airplane model 
with conventional wing and with 
NACA low-drag wing. 
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Figure I [.-Stall diagrams of NACA low-drag wing on model of pursuit airplane. 
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(b) Parfial-span split flap deflec-t-ed 60°. oo,' 
Hgure 1 1 .— Stall diagrams of N/lCiA low-drag wing on model o-f pursuit airplanG. cr 
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Figure 14.- Section profile-drag coefficients of NACA low-drag wing with propeller alipatream. 
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Figure 17,- Propeller envelope efficiency curves. NACA con- 
ventional cowling C and NACA high-speed cowling 
on pursuit-airplane model. 
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Figure 20.- Pitching-moment coefficients of pursuit- 
airplane model for various fuselage and 
tail conditions. 



Figure 15.- Pursuit-airplane model with NACA cowling C. 





Figure 16.- Pursuit-airplane model with MCk high-speed cowling. 




Figure 23.- Simulated door, canopy, and inspection plate joints on 
short fuselage of pursuit-airplane model. 



Figs. 21, 22 




Figure 22.- Simulated inidder and elevator sealed hinge joints on 
tail surfaces of pursuit-airplane model. 
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Figure 24.- Comparison of propeller characteristics obtained from tests of pursuit-airplane model with various 
surface irregularities. p,55°. 




Pigs. 25, 26, 27 




Figure 25,- 
Protruding gun 
installation 
in low-drag 
wing of 
pfuxsuit- 
airplaixe 
model. 



Figure 26 »- 
Submerged gun 
installation 
with type A 
opening in 
low-drag 
wing of 
pursuit- 
airplane 
model. 



Figure 27.- 
Submerged gun 
installation 
with type B 
opening in 
low-drag wing 
of pxaxsuit- 
airplane 



